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INTRODUCTION
The high-dose all-alkylator combination of cyclophos-
phamide (CPA), cisplatin, and BCNU (carmustine), named
S TAMP-I, was developed by Peters et al. [1] at the Dana Far-
ber Cancer Institute in the mid-1980s. It is one of the most
heavily evaluated high-dose regimens requiring autologous
stem cell support for breast cancer. Study of this combination
in the metastatic setting includes phase II trials as initial ther-
apy [2], as consolidation treatment after standard-dose induc-
tion chemotherapy [3], and as treatment in patients with no
m a c roscopic evidence of disease [4]. In the adjuvant setting,
S TAMP-I has been tested prospectively in patients with 10 o r
m o re involved axilliary lymph nodes [5], 4 to 9 involved
nodes [6], and inflammatory carcinoma [7]. This re g i m e n
f o rms the basis of ongoing large randomized phase III trials
for patients with advanced disease [8], with 10 or more
involved nodes [9], and with 4 to 9 positive nodes.
In its initial phase I trial, dose-limiting toxicities were
veno-occlusive disease of the liver and refractory thrombo-
cytopenia [1]. Five of 22 patients treated in the subsequent
phase II study in metastatic breast cancer died of acute hem-
o rrhagic myocarditis (n = 1), hepatic failure (n = 1), acute
renal failure (n = 1), and pulmonary toxicity (n = 2) [2]. Sub-
sequent improvements of supportive care, such as the use of
peripheral blood progenitors replacing pelvic marro w,
g rowth factors, and intravenous hyperhydration during
c h e m o t h e r a p y, have substantially decreased STA M P - I –
related mortality to a current rate of <4% at experienced
transplantation centers.
S TAMP I produces universal grade 4 pancytopenia, and
n e u t ropenic fever in 60% of patients receiving pro p h y l a c t i c
antibiotics [5,6]. It causes virtually no mucositis, which
allows for outpatient treatment with a low rate of re a d m i s-
sions [6,10]. Its major extramedullary side effect is interstitial
pneumonitis in 40% to 50% of patients, which is re s p o n s i v e
to cort i c o s t e roid treatment in more than 95% of the cases
[11]. Jones et al. [11] showed that the area under the curv e
(AUC) of BCNU correlates with the risk of pulmonary
i n j u ry. Other described toxicities of STAMP-I are hemolytic
u remic syndro m e / t h rombotic thrombocytopenic purpura
(<3% of the patients) usually associated with pulmonary
i n j u ry [12], veno-occlusive disease of the liver (<3%) [2], sub-
clinical central nervous system (CNS) white matter changes
(35%) [13], symptomatic encephalopathy (<1%) [14],
esophagitis (<5%) [6], enterocolitis (<5%) [6], and secondary
myelodysplasia/acute myelogenous leukemia (<1%) [15].
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ABSTRACT
We re t rospectively evaluated 443 breast cancer patients treated with high-dose cyclophosphamide, cisplatin, and
BCNU (STAMP-I) with autologous stem cell support to characterize the cardiac toxicity of this regimen. Patients
had stage II-III (n = 243) or stage IV (n = 200) breast cancer. We observed an overall 5.1% incidence of cardiac com-
plications, both clinical and subclinical, in the whole group: 4.9% in stage II-III and 5.5% in stage IV patients. Clini-
cal cardiomyopathy (CMP) was observed in 1.6% of stage II-III patients (1 case of fatal grade 5 toxicity and 3 cases
of grade 3 CMP) and in 3.5% of patients with stage IV disease (1 case of grade 4 and 6 cases of grade 3). The inci-
dence of cardiac toxicity did not differ significantly between the groups. Prior radiation therapy to the mediastinum
or left chest wall (P = .001) and advanced age (P = .01) were independent predictors of an increased risk of the
appearance of this complication. No pharmacodynamic correlation was observed between any of the 3 drugs and
c a rdiac toxicity.
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Cardiac toxicity from STAMP-I has not been well char-
acterized. We re t rospectively analyzed all patients with
breast cancer who received this regimen at the University of
Colorado Bone Marrow Transplant Program (BMTP) for
the appearance of this complication.
PATIENTS AND METHODS
Patient P o p u l a t i o n
A total of 443 breast cancer patients have been treated
with STAMP-I at the University of Colorado from Septem-
ber 1990 through May 1999. Of these, 200 had metastatic
disease, and 243 had high-risk stage II-III disease. Cardiac
toxicity data were collected from a computer database
( S m a r Te rm 340, version 4.0) in which all toxicities are
s c o red. All cases of cardiac toxicity were confirmed by
review of the patients’ charts.
All patients had a pretransplantation Southwest Oncol-
ogy Group (SWOG) perf o rmance status <2 and norm a l
p retransplantation visceral organ function: creatinine clear-
ance >60 mL per minute, left ventricular ejection fraction
( LVEF) >0.45, as measured by radionuclide ventriculogra-
phy (MUGA), with normal augmentation on exercise, diffu-
sion capacity of carbon monoxide (DLCO), forced expiratory
volume in 1 second (FEV1) >60% of predicted, and biliru-
b i n / A S T / A LT (aspartate transaminase/alanine transami-
nase) less than twice the upper normal limit. Cumulative
anthracycline dose was required to be <450 mg/m2, and for
the purpose of calculation, 1 mg of mitoxantrone was esti-
mated to be equivalent to 4 mg of doxorubicin (adria-
mycin). The actual pretransplantation median cumulative
a n t h r a c ycline dose was 240 mg/m2 (range, 200 to 280) and
360 mg/m2 (range, 280 to 440) in patients with stage II-III
and stage IV disease, respectively.
Patients underwent a bone marrow harvest or leuka-
p h e resis of granulocyte colony-stimulating factor (G-CSF)-
mobilized peripheral blood progenitor cells before admis-
sion. Chemotherapy treatment is depicted in Table 1. All
doses of chemotherapy were calculated on the actual body
weight, unless it was ≥20% over the ideal body weight, in
which case the average between the actual and ideal body
weight was used to calculate the body surface area. In
patients with 4 to 9 positive nodes, 39 of 70 patients who
received BCNU at 450 mg/m2 had no significantly diff e re n t
BCNU pharmacokinetic parameters than all other patients
t reated at 600 mg/m2 [6]. Unselected stem cells were infused
on days –1, 0, and 1, whereas CD34-selected stem cells were
infused on day –1. All patients received G-CSF 5 to 10 µ g / k g
per day IV over 30 minutes from day –1 until the absolute
n e u t rophil count was >5 0 0 0 / m m3 on 3 consecutive determ i-
nations, each 12 hours apart. Electrolyte replacement and
other supportive measures have been previously described
[6,7]. Posttransplantation MUGA scans were done before
patients were discharged to the care of their re f e rring oncol-
ogists between posttransplantation days 20 and 30.
Grading of Cardiac To x i c i t y
C a rdiac toxicity was graded according to SWOG crite-
ria [16]. Clinical cardiomyopathy (CMP), as defined for
this analysis, excluded patients with an asymptomatic dro p
in LVEF by either ≤20% of the baseline value (grade 1) or
>20% of baseline (grade 2). There f o re, cases considere d
w e re those of symptomatic congestive heart failure (CHF)
that were responsive to treatment (grade 3), re f r a c t o ry or
s e v e re or both (grade 4), or fatal (grade 5). Definition of
clinical CMP re q u i red a clinical diagnosis of CHF based
on signs on physical examination or x-ray or both, plus a
documented drop in LV E F.
A rrhythmias were considered as potential re g i m e n -
related toxicities if they were nonsinus in origin, if they
a p p e a red without hypoxia, and if they lasted ≥24 hours
despite normal electrolyte levels or correction of all prior
electrolyte abnormalities. Our analysis included only symp-
tomatic patients, that is, those reverting without treatment
(grade 2), those requiring therapy (grade 3), or those with
life-threatening symptoms (grade 4).
All cases of pericardial toxicity were considered, including
asymptomatic effusions (grade 1), acute pericarditis (grade 2),
symptomatic effusion requiring drainage (grade 3), and tam-
ponade requiring urgent periocardiocentesis (grade 4).
P r ognostic Factors for the Development of Car d i a c
Tox i c i t y
We evaluated age, prior cumulative dose of anthracy-
clines, prior CPA exposure, previous radiation therapy to the
left chest wall or mediastinum, and baseline cardiac function
for a potential increased risk of cardiac complications. None
of the patients with stage II-III disease received pre t r a n s p l a n-
tation radiation therapy to the left chest wall; there f o re, this
variable was evaluated only in patients with stage IV disease.
Pharmacokinetic Anal y s i s
Patients had pharmacokinetic analysis of the 3 dru g s
included in the high-dose chemotherapy regimen. The
Table 1. Treatment Schema*
Treatment Day
Drug mg/m 2 per day –7 –6 –5 –4 –3 –2 –1 0 +1
Cyclophosphamide 1875 X X X
Cisplatin (72-h CI) 55
BCNU 600 X
IV hydration
Stem cells X X X
*CI indicates continuous infusion.
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analytical assays of CPA, cisplatin, and BCNU have been
p reviously described [17]. The CPA assay was perf o rm e d
as follows: blood samples were obtained remote from the
site of the drug infusion in 10-mL heparinized collection
tubes at 30, 60, 90, 120, 180, 300, 420, 540, 780, 1020, and
1260 minutes after the start of each daily infusion; store d
at 4°C; and assayed within 24 hours using a modification of
the method of El-Yazigi and Martin [18]. After centrifugat-
ing the samples at 2000 rpm for 10 minutes, 1 mL of the
s u p e rnatant plasma and 1 mL of the internal standard solu-
tion, diphenhydramine at 50 µg/mL, were dispensed into
plastic disposable tubes. Solid-phase extraction columns
(LC-SI 3 cc Extraction Columns; Supelco, Bellefonte, PA )
w e re preconditioned with 3 mL of the elution solution
(85% high-pre s s u re liquid chromatography [HPLC]-grade
ethyl acetate and 15% HPLC-grade methanol) followed by
3 mL of water. The plasma containing internal standard
was then added to the column. The columns were eluted
with 1.5 mL of the eluent solution. The eluant was cen-
trifuged at 2000 rpm for 5 minutes, and 0.8 mL of the
s u p e rnatant was transferred to 1-mL autosampler vials.
One microliter of each vial was injected with a split ratio of
20:1. A capillary column–equipped gas chro m a t o g r a p h
with nitro g e n - p h o s p h o rus detection was used.  The
time/concentration data of the 3 d rugs were analyzed with
WINNONLIN 1.1 nonlinear re g ression software (SCI
S o f t w a re, Cary, NC). The detection limit of this assay is
0.1 µg/mL. This analysis can be perf o rmed overnight with
results available the next morning before the subsequent
C PA dose. The intrarun and interrun precision coeff i c i e n t
variations of the 3 assays are <1 0 % .
Statistical Methods
Continuous variables were compared in patients with
and without CMP using the Kru s k a l - Wallis test. Pre- and
posttransplantation LVEF values were compared with the
Student t test. Pro p o rtions were compared in both gro u p s
with the Fisher exact test. Multivariate analyses of the vari-
ables associated with cardiac toxicity used the multiple logis-
tic model. All analyses were perf o rmed with the Statistica
software package (StatSoft, Tulsa, OK).
RESULTS
Clinical Cardiac To x i c i t y
Tw e n t y - t h ree patients presented with clinical card i a c
complications of treatment out of the whole group analyzed
(5.1%): 12 in the stage II-III group (4.9%) and 11 in the
metastatic group (5.5%) (Table 2). Cases of clinical cardiac
toxicity were classified as follows: CMP (n = 11), arrh y t h-
mias (n = 10), and reversible precordial pain and electrocar-
diographic ischemic changes during BCNU infusion (n = 2).
The median prior cumulative dose of anthracycline in
patients with clinical CMP was 360 mg/m2 (range, 240 to
410). Of these, 4 patients had stage II-III disease (1.6% i n c i-
dence in this subgroup), and 7 had stage IV (3.5%). The
incidence of overall cardiac toxicity or toxic CMP did not
d i ffer significantly between both patient groups (P = .78
and .22, re s p e c t i v e l y ) .
Toxic CMP was graded as 5 in 1 patient, grade 4 in
1 patient, and grade 3 in 9 patients. One of these patients
p resented with grade 3 acute CHF after the first dose of
1875 m g / m2 C PA on day –6 and did not receive the rest of
her treatment program. She subsequently improved on digoxin,
d i u retics, and oxygen and re c o v e red totally within 2 weeks.
The patient with grade 4 CMP is currently asymptomatic
on digoxin and captopril treatment, although her LVEF has
not normalized. She remains free of re c u rrence more than
7.5 years after her transplantation for metastatic disease.
The only fatality was a 48-year-old woman with a med-
ical history of mitral valve prolapse and Hodgkin’s disease
t reated 30 years earlier with vinblastine-prednisone and
radiation therapy to the mediastinum, left axilla, and tho-
racic spine. In 1997, this patient was diagnosed with a stage
IIB breast cancer with 6 involved axillary lymph nodes. She
received 4 cycles of doxorubicin-CPA, with a total cumula-
tive dose of 240 mg/m2 of doxorubicin. This was followed
by high-dose chemotherapy with STAMP-I. The patient
p resented re f r a c t o ry hypotension and pulmonary edema a
few hours after the BCNU infusion and required intubation.
An echocardiogram was consistent with restrictive CMP.
Despite support with inotropic agents and pressors, she
developed multi-organ failure and died on day 3. Autopsy
examination showed myocardial fibrosis, fibrinous pericardi-
tis, and diffuse pulmonary alveolar edema; refractory severe
CHF was deemed to be the cause of death.
All patients with grade 3 CMP and arrhythmias have
fully re c o v e red, and their cardiologic medications have
been discontinued.
A n a l ysis of Risk F a c t o r s
The age of patients with cardiac toxicity (median 55,
range 43 to 65) was significantly higher than of those who
did not experience it (median 47, range 25 to 71; P = .01).
Among patients with stage IV disease, patients with
prior radiation therapy to the left chest wall or medi-
astinum had a significantly higher incidence of cardiac toxi-
city (22.2%) than those without prior radiation to those
a reas (2.3%; P = .001).
Both age (P < .05) and prior radiation therapy to the left
chest wall (P < .05) had independent value in the multivariate
analysis. Prior cumulative anthracycline dose was not a pre-
dictive variable (P = .3) for cardiac toxicity in this population
of patients, who were all re q u i red to have a pre t r a n s p l a n t a t i o n
cumulative dose <450 mg/m2. Similarly, previous CPA expo-
s u re did not correlate with risk of cardiac toxicity (P = .4).
Pretransplantation cardiac function was not significantly
d i ff e rent in patients who developed (median LVEF 0.57)
and who did not develop clinical cardiac toxicity (median
LVEF 0.61; P = .1). It is necessary to keep in mind that eligi-
bility for transplantation required a baseline LVEF of ≥0.45.
Table 2. Incidence of Moderate to Severe Clinical Cardiac Toxicity*
Overall ≥G3 ≥G3 ≥G3
Cardiac Toxicity CMP Arrhythmias
Stage II-III (n = 243) 4.9% 1.6% 2.5%
Stage IV (n = 200) 5.5% 3.5% 2%
All patients (n = 443) 5.1% 2.4% 2.2%
*CMP indicates cardiomyopathy; G3, grade 3.
201B B & M T
Pharmacodynamic Analyses 
The AUC values of CPA, cisplatin, and BCNU were
not significantly different in patients with and without car-
diac toxicity (Table 3).
A n a l ysis of LVEF Changes in Stage II-III P a t i e n t s
In addition to the evaluation of clinical cardiac toxicity,
we compared pre- and posttransplantation MUGA heart
scans in 160 of the 243 stage II-III breast cancer patients to
characterize LVEF changes after treatment, whether symp-
tomatic or not (Table 4). The median LVEF before and after
transplantation was 61% and 57%, respectively (P < .00005).
All patients experienced a normal increase of LVEF with
exercise, both before and after transplantation.
In 92 patients (57.5%), the LVEF at rest dropped after
transplantation by <10% of its baseline value (range, 0.1 to
0.35). Ten patients (6.2%) experienced an LVEF drop >0.20
to a normal level above 0.45. The LVEF drop was ≥20% of
baseline value to an abnormal level below 0.45 in 7 patients
(4.4%), 3 of whom had symptomatic CHF (grade 3 CMP)
and 4 remained asymptomatic (grade 2 CMP). In all 7 patients,
LVEF normalized within 9 months.
In 43 cases (27%), the LVEF increased after transplan-
tation by a median 0.6 of baseline (range, 0.2 to 0.29). In
8 patients (5%), the LVEF did not change.
Patients without cardiac toxicity experienced an exer-
cise-induced increase in LVEF before transplantation of
11.8 ± 6.6 (mean ± s t a n d a rd deviation) points, and of
10.7 ± 5.2 after transplantation (P = .13). Patients who devel-
oped cardiac toxicity had a pretransplantation increase of
5.83 ± 2.8 points, and of 8.8 ± 5.6 after high-dose chemo-
therapy (P = .14). The pretransplantation absolute incre a s e
of LVEF was significantly lower in patients who later experi-
enced cardiac toxicity than in those who did not (P = .01).
DISCUSSION
We found a 2.5% incidence of clinical toxic CMP
among 443 patients analyzed (3.5% and 1.6% in stages IV
and II-III, respectively). Only 1 patient with fatal card i a c
toxicity and 1 patient with severe grade 4 CMP still
re q u i red medication 7.5 years later.
This low incidence is remarkable if we consider that
S TAMP-I includes high-dose CPA. CPA is an inactive pro-
d rug that undergoes a complex metabolic process [19]. It is
h y d roxylated by the hepatic microsomal cytochrome P450
system to its active metabolite, 4-hydro x y c y c l o p h o s p h a m i d e
and its tautomer, aldophosphamide. These interm e d i a t e s
u n d e rgo either conversion into acrolein and phosphoramide
m u s t a rd, believed to be the toxic and active metabolites,
re s p e c t i v e l y, or oxidation to the inactive compound car-
boxyphosphamide. Acute lethal myopericarditis caused by
high-dose CPA was described more than 20 years ago [20,21].
Appelbaum et al. [21] observed an acute and fatal picture
of heart failure, decreased voltage on electro c a rdiogram, and
p e r i c a rdial effusion, occurring 5 to 9 days after treatment in
4 of 15 patients treated with CPA at 45 mg/kg per day for
4 days. Postmortem examination of the heart revealed fib r i n
m i c ro t h rombi in capillaries and fibrin strands within
myocytes. CPA is believed to exert its toxic effects thro u g h
damage to the endocardial capillary endothelium, re s u l t i n g
in increased permeability and micro t h romboses, which pro-
duce extravasation of plasma and red blood cells into the
m y o c a rdium [20]. Since its initial description, cardiac toxicity
related to CPA-containing high-dose chemoradiotherapy
has been observed by many others [22-25]. Goldberg et al.
[24] re p o rted CHF in 17% of patients treated with CPA at
50 mg/kg per day for 4 days, with a 43% mortality rate.
These authors observed a significant increase in the incidence
of CPA-induced cardiac toxicity in patients receiving a dose
>1.55 g/m2 per day for 4 days (total 6222 mg/m2 of the dru g ) .
Ayash et al. [26] evaluated re t rospectively 19 patients
with metastatic breast cancer treated with the STA M P - V
high-dose combination (CPA 6000 mg/m 2,  thiotepa
500 m g / m2, and carboplatin 800 mg/m2, all given by con-
tinuous infusion over 96 hours). They observed a 31.5%
incidence of CHF, with a statistically significant inverse
c o rrelation between the AUC of the parent compound
C PA and both cardiac toxicity and duration of re s p o n s e .
The striking diff e rence in the incidence of clinical CMP in
metastatic breast cancer patients in Ay a s h ’s study and our
own (31.5% and 3.5%, respectively) may be related to dif-
f e rences in the diagnostic criteria for cardiac toxicity:
Ayash et al. [26] re q u i red signs on physical examination
(rales, S3 or S4 gallop) and radiologic findings (interstitial
or alveolar lung edema with or without pleural eff u s i o n )
without requiring a decrease of LV E F.
In our experience, many patients treated with STAMP-I
develop a mild picture of pulmonary edema, hypoxia, rales,
and occasionally a cardiac gallop, with no echocardiographic
a b n o rmalities during intravenous hydration. Most of these
patients improve rapidly with diuretics, and we usually
attribute this reversible complication to fluid overload and
not to direct cardiac toxicity. Other possible reasons for the
d i ff e rent results of both studies include (1) slightly higher
dose of CPA in STAMP-V than in STAMP-I (6000 and
Table 3. Pharmacodynamic Analysis*
Stages II-III Stage IV
Cardiac Tox (n = 5) No Cardiac Tox (n = 201 ) P Value Cardiac Tox (n = 7) No Cardiac Tox (n = 156) P Value
AUC †
CPA 85,300 (15,540) 76,100 (22,615) .21 78,000 (26,200) 78,300 (30,048) .69
cDDP 514 (140) 534 (164) .31 527 (77) 534 (165) .65
BCNU 582 (121) 480 (320) .47 357 (62) 480 (320) .10
*AUC indicates area under the curve; BCNU, carmustine; CPA, cyclophosphamide; cDDP, cisplatin; and Tox, toxicity. 
†AUC is expressed as the average value (standard deviation), in µg/min per mL.
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5 6 2 5 m g / m2, respectively); (2) diff e rences in the metabolic
conversion of CPA to its toxic metabolite owing to a diff e re n t
administration schedule (96-hour continuous infusion in
S TAMP-V and 3 1-hour daily infusions in STAMP-I); (3) dif-
f e rences in dru g – d rug interactions at the hepatic micro s o m a l
level between STAMP-I and STA M P - V; and (4) diff e rent car-
diotoxic effects from the other drugs (cisplatin and BCNU in
S TAMP-I and thiotepa and carboplatin in STA M P-V). T h e s e
agents, however, do not commonly cause cardiac complica-
tions at the doses used in both re g i m e n s .
In our series, advanced age and prior radiation therapy to
the mediastinum or left chest wall correlated independently
with an increased risk of cardiac toxicity. These two are well-
established risk factors for the occurrence of doxoru b i c i n -
induced CMP [27]. No correlation was found between prior
C PA exposure or previous cumulative dose of anthracyclines
and cardiac complications. It is necessary to keep in mind that
all patients were re q u i red to have a pretransplantation cumu-
lative dose of doxorubicin <450 mg/m2.
Baseline cardiac function at rest did not correlate with
the risk of cardiac toxicity in our patients, all of whom had
baseline LVEF at rest >0.45. Intriguingly, we observed that
although all patients had a normal LVEF exerc i s e - i n d u c e d
i n c rease before transplantation, the degree of increase was
significantly higher in patients who did not experience car-
diac complications after transplantation than in those who
did (P = .01). Other authors have also found that pretrans-
plantation cardiac evaluation does not correlate well with
the risk of developing cardiac toxicity after high-dose
chemotherapy in populations with normal pre t r a n s p l a n t a-
tion cardiac status and LVEF values [28,29].
In contrast, little is known about the incidence of severe
c a rdiac toxicity in patients with profound cardiac dysfunc-
tion who receive high-dose chemotherapy, because these
patients are not usually considered transplantation candi-
dates. Bearman et al. [28] studied 126 transplantation
patients who received CPA-containing high-dose therapy
and observed that in the 8% of patients with pretransplanta-
tion LVEF <0.50, the percentage of grade III-IV card i a c
toxicity was 20% in contrast to 5% in the 92% of patients
with baseline LVEF ≥0.50 (P = .09). Similar results were
reported by Goldberg et al. [30] in their series of 383 trans-
plant recipients, most of whom were treated with high-dose
CPA. These authors observed a trend toward a higher inci-
dence of toxic mortality (P = .09) in the small subgroup of
21 patients (5.4%) who had a pretransplantation LV E F
between 0.25 and 0.48 (14% toxic mortality) compared with
the 94% of patients with baseline LVEF >0.48 (5% toxic
m o rtality). Kakavas et al. [31] treated 6 patients with pre-
transplantation suboptimal LVEF (mean ± s t a n d a rd devia-
tion: 42% ± 7%) with CPA-containing high-dose therapy
and enalapril that was started 2 days before initiation of the
conditioning regimen and throughout follow-up. None
developed clinical cardiac toxicity, and they all experienced a
posttransplantation increase of LVEF to 54% ± 6%.
Our pharmacodynamic analyses failed to show a statisti-
cal correlation between the AUC of CPA and the incidence
of cardiac toxicity. In contrast, in the study by Ayash et al.
[26], the 6 patients who developed CHF had significantly
lower CPA AUC than the 13 patients in whom it did not
develop. Possible explanations for our opposite pharm a c o-
dynamic observation include (1) differences in the definition
of severe cardiac toxicity, as detailed above, (2) differences in
sample size, or (3) possible differences in sample collection
or in the extraction methodology.
We previously reported a marked intrapatient variability
in the metabolism of high-dose CPA by measurement of the
parent compound, which makes its pharmacokinetic behav-
ior unpredictable [32]. Both the lack of a target pharmacoki-
netic parameter and the unpredictability of the levels of this
d rug call into question the feasibility and relevance of
prospective therapeutic drug monitoring of the parent com-
pound CPA, using currently available techniques.
In conclusion, our analysis shows a low incidence of car-
diac toxicity associated with STAMP-I in breast cancer
patients. This observation seems important for design of
f u t u re therapeutic strategies combining STAMP-I with
d rugs or biologic agents with known potential for card i a c
complications.
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